In the present paper and the one which follows (Ridyard and Stewart, 1976) , an attempt has been made to determine the relative effects on regional lung function of diaphragmatic and thoracic breathing in naturally occurring clinical situations. The first paper describes patients with a fixed thoracic cage due to ankylosing spondylitis, and therefore predominantly diaphragmatic breathing, and the second paper describes patients with diaphragmatic paralysis and a normal thoracic cage. Ankylosing spondylitis is a chronic arthritis which may affect the costovertebral joints and cause fixation of the thoracic cage. Fibrosis and cavitation of the lung apices can also complicate the disease (Campbell and MacDonald, 1965) , and it has been suggested (Zorab, 1962 ) that this could be due to disturbed ventilation secondary to the costovertebral ankylosis. In the only previous report of regional lung function in ankylosing spondylitis (Lauritzen et al., 1968) , the patients also had apical lung fibrosis.
The present paper describes a study of regional ventilation and perfusion, using xenon-133, in a group of patients with ankylosing spondylitis but apparently healthy lungs.
SUBJECTS
Physicians in the Liverpool area were asked to refer any patient who fulfilled both the Rome and New York criteria for ankylosing spondylitis (Moll ' (Table I) .
Fourteen normal volunteers with a mean age of 35*7 years (range 23-60 years) were studied as controls. All were lifetime non-smokers with no cardiorespiratory symptoms, normal chest radiographs, and no abnormality of lung function. Moll and Wright (1972) .
An electrocardiogram, latex agglutination test, erythrocyte sedimentation rate, haemoglobin, white blood cell count, and differential were obtained in most patients.
Regional ventilation and perfusion studies were carried out in the supinc posture, scanning 28 cm of chest from base to apex by the method of Dollery and Gillam (1963) . Scans were first obtained following a single breath inhalation of xenon-133 at a concentration of 0,5 to 1-0 millicurie per litre. Regional alveolar volume was then determined by scanning after rebreathing this same concentration of xenon-1 33 for at least seven minutes. Perfusion scans were obtained immediately after the injection of 2 mCi of xenon-133 in solution in 1 ml of normal saline.
The patients were instructed to breathe naturally after the injection scan. After 30 seconds of relaxed breathing a final 'washout' scan was recorded to provide a 'dynamic' index of regional ventilation (Evans, 1973) (Brown, Kirk, and Seaton, 1969; Gaziano, Seaton, and Ogilvie, 1970; Hall, 1974 (Rogan, Needham, and McDonald, 1955; Renzetti et al., 1960; Hart, Emerson, and Gregg, 1963; Miller and Sproule, 1964; Sharp et al., 1964; Gacad and Hamosh, 1973) . Travis et al. (1960) and Zorab (1962) found vital capacity decreased although total lung capacity was usually normal. Our finding of a reduced functional residual capacity and residual volume is unusual as others havc found them normal or even increased. However, Sharp et al. (1964) found that residual volume and functional residual capacity were only increased when the total lung capacity was not diminished. Among our subjects no direct relationship could be found between residual volume or functional residual capacity, and the FEV,. chest expansion, diaphragmatic excursion, or smoking history; however, the only subject with a significantly increased residual volume was the heaviest smoker in the group. Grimby, Fugl-Meyer, and Blomstrand (1974) have shown that the rib cage, which normally contributes 75% of resting tidal volume, contributed only 56% in subjects with ankylosing spondylitis. Sackner et al. (1974) (Gaziano et al., 1970) . In this case the 'washout' scan, which is a more sensitive indicator of airways obstruction than the inhalation scan (Evans, 1973) , should reflect this abnormality. However, there was no significant difference in xenon washout between apex and base in the patients with ankylosing spondylitis. Smoking can also be eliminated as the cause of the redistribution of inhaled xenon; the three life-time non-smokers showed an apical ventilation defect similar to that of the smokers, and a x2 test revealed no significant difference between these two groups. Likewise the four patients who had received radiotherapy to the thoracic spine showed no significant difference from the five not given this treatment.
The distribution of injected xenon, unlike the distribution of inhaled gas, conformed to the normal pattern for the supine posture (increasing perfusion from base to apex) with no significant defect of apical perfusion ( Fig. 2 and Table III) .
It is known that patients with ankylosing spondylitis may develop bilateral apical pulmonary fibrosis with cavitation. Several possible causes for this have been suggested. As noted earlier, Zorab (1962) considered that these changes were either a primary manifestation of the disease or a result of an alteration in pulmonary mechanics. Scobie (1971) showed that a defect in oesophageal peristalsis is common in ankylosing spondylitis and suggested that recurrent aspiration could result in pulmonary fibrosis. More recently, Davies (1972) concluded that the pulmonary lesions were an extra-articular manifestation of the disease process.
In conclusion, it is suggested that impaired thoracic cage excursion due to ankylosing spondylitis results in a relative impairment of apical ventilation and that this may be one factor in the pathogenesis of apical fibrosis in this disease. 
